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ABSTRACT

Today's quickly evolving new materials make it difficult for machining to attanréquired
surface finishThis thesis work looked at the science of using two sipglat cutting tools at

the same time to cut the material of the workpiece. A machined component's surface quality
was examinedavith the effects of cutting speed, feeddadepth of cut.The impact of those
cutting parameters resulted in increasing temperature, tool wear, and material removal rate. As
a result ofwhich surface roughness was investigated for different cutting parameters such as
cutting speed (50, 70, 90)/min, feed of (0.3, 0.525, 0.75) mm/rev, and depth of cut (0.3,
0.675, 1) mm for single tool turning while for double tool turning depth of qut @5, 0.75,

1, & = 0.75, 1, 1.25) mm to improve productivity. The morphology of the chips was also
invesigated. The cutting parameters were optimized by turning process using the response
surface methodology method. The surface roughness was selected as a response variable and
the workpiece was estimatdy using a surface roughnegefifometer. Besides, thcutting
temperature in the tooltip was predicted using a digital thermometer and exantiadsiox
Behnken design approach was incorporated to formulate the experiments and rigorous
experimental analysis was performefindysis of variance (ANOVA) determed the
influences of cutting parameters on the surface roughfdémsresults of variance presented

that the influence of cutting speedetl, and depth of cut were 51.33%, 22.58%, and/6 88

double tool turning whees for single tool turning 67.78921.6%%, and 1.86 respectively.

The high surface finish attained at optimum cutting paramegérgg m/min, 0.3 mm/rev, and
1.75mm) was 1.04 em for double tool turning wt
m/min, 0.3 mm/rev and 0.409 mm). For gedected cutting parameters in experimental results
were observed that the material removal rate was increased by 55% during double tool turning
than single tool turningSimilarly, the tool wear masured shows that total of 0068m for

single tool turmg while it was reduced to 0.419m for double tool turning.

Keywords:Cutting temperature, Tool wear, Surface Roughness, the Material removal rate
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CHAPTER-1

INTRODUCTION
1.1 Background of the Study
Metals are formed into a variety of shapes through vanmoanufacturing processes. The non
cutting technique entails shaping metal without removing it and comprises operations such as
rolling, spinning, extruding, drawing, and so odnother way is to shape the metal by
machining it by removing excess or undedimaterial from the workpieanaterial in the form
of chips Examples include turning, milling, planning, drilling, and so on. Metal cutting is one
of the most exciting aspects of the industrial industry. To achieve the required shape of the
component, ppropriate dimensional tolerances, and a high surface gloss, machining is a crucial
part of the production process (Pradeepkuehal,2015). Machining is the most versatile and
accurate manufacturing technique, capable of producing a wide range oé@akttges and
geometric features.
One of the most essential material removal procedures is conventional machining. A lathe
machine is a popular type of traditional machining that can perform a variety of machining
operations such as turning, facing, cowttening, tapering, boring, and chamfering. Metal
cutting is carried out on a lathe by establishing relative motion between the workpiece and the
cutting tool, in which the workpiece rotates and the cutting tool is made to move parallel to the
workpiece'saxis of rotation. When the maximum material removal rate and minimization of
machining cost were critical, mutibol machining is commonly used. Because turning is such
a fundamentahnd crucial process, this resdafocuses on mukiool turning (Kalkdan et
al.2016)
Multiple tool Lathes were employed in higlolume material removal processes and provided
with two or more carriages each carrying several sipglat cutting tools operating
simultaneously. The machining time was reduced because thegearaperate simultaneously.
Higher cutting parameter values in turning providedpportunity for increased productivity,
but they also came with a higher risk of surface quality and tool life loss. In today's business,
turning is a signiftant materiatemoval procedureAt least ondifth of all applications in metal
cutting wasturning operationsit's used to reduce the diameter of a work piece, usually to a

specific size, and to give the metal a smooth surfaaesagwat et al2014).
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The manufacturig industries are very much concerned with producing-gigtlity products

in time at minimum cost.This research aims to investigate a comparative study on the
advantages of a double tool over a single during the conventional turning of flake graphite cas
iron material. The specific products from this cast iron are in the automotive industry (brake
drums and disks, exhaust manifolds, cylinder heads, and especially engine blocks, including
diesel enginesjt was essential to optimizais material due tthe quickwear of components

under dynamic load. In the present work, the models developed to predicate the product quality
with the assistance of Response surface methodology, Design of expel(tentgomery,

2017). The response surface methodology (R®M#k practical, accurate, and straightforward

for implementation. The study of the most important variables affecting the quality
characteristics and a plan for conducting such experiments is called the design of experiments
(Myerset al 2016).

The expe@mental data wereised to develop mathematical models for seamdeér models

using regression methodBehe validity of the model is checked usiaganalysis of variance.

RSM optimization procedure has been used to optimize the output responses @& surfac
roughness. On selected material, a different trial with different parametersdeszetied
experiment, and finally, to verify the predicted value, a confirmation test is conducted based on
an experiment. The research has completed a fractional eepéridesign that allows
considering different levels of cutting parameters (cutting speed, feed rate, depth of cut) on the
measured dependent variable. The ability to control the process for the better quality of the
product is significant (Kassab and Khasakw, 2007).

1.2 Cast Iron- Structure and Constitution

Cast iron workpiece material is a metal with high hardness but also delicate qualities. Cast iron
is a sort of metal that has been used for a long time and is hrenafmerous metals discovered

by humans. This metal is widely used, with cast iron engines accounting for over 80% of all
vehicle engines. The eutectic iron and carbon alloy was cast iron. With a melting point of
roughly 1200 degrees Celsius. The low melting point was advantageous sinceeasilgt
liquidated, reducing the neddr fuel for the metal smelting process is more efficient and low

cost (Lubisetal2 020) . Cast iron was a carbon all oy wi

other important elements such as silicon, manganese, Sulphur, and phosphorous. The addition

of these elements creates significant changes in the structure and propeetedically, the
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carbon content of cast iron can lie between 2.11 % to 6.67 %. As higher carbon contents tend
to make the cast iron more brittle, industrial cast irons have carbon normally in the range of
2.11% to 4.0%Sandeep Kumaet al,2012) Grey cast ion has some important properties that
make it one of the most widely used cast materials. It has good vibration damping because of
the dispersion of graphite. It has skilbricating qualities and hence is Machinable. The price
is low, and it is easy to sheven complicated structures. Its thermal conductivity is good
because of the presence of graphite. Due to these reasensitéeih used in the automotive
industry for components like cylinder heads, cylinder blocks, brake discs, etc. It is alsorused f
machine tool basgSundaram, 2018).
1.2.1 Types of cast iron
The several variables, which lead to the different types of cast iG@ambon content, alloying
element, impurity content, cooling rate during and after freezing, and heat treatment after
castingare all factors to consideBased on the have very good machining qualilemajor
reason for the continued largeale use of cast iron in engineering was not only the low cost of
the material and the casting process graphitephology;therearese\eral types of cast iron.
The major two types can be gray iron with flake graphite and ductile iron, with nodular or
spheroidal graphite. There was an intermediate type, called compacted graphite, which contains
a fraction of nodular graphite, and the reniag graphite was in an irregular shape with
undefined geometrfiMuhmond, 2014).

A Grey cast iron (graphite in the form of a flake)

A Ductile iron/Nodular cast iron (graphite present in the form of spheres).

A Compacted graphite iron (contains a fraction ofuladgraphite and the remaining

graphite was in an irregular shape with undefined geometry).

A Malleable cast iron (graphite present in the form of nuggets).

A White iron (contains metastable cementite instead of graphite).
Flake graphite cast irons are sadered but also the economics of machining the finished
componentBecause of their strong wear resistance and damping capabilities, flake graphite

castiron is utilized as mechanical components in bearings and brake shoes, among other things.
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Table 11 Typical maximum turning speeds for flake graphite cast (Emward Trent &Paul

Wright 2000)
Hardness High-speed Cemented Ceramic
steel tools carbide(WC (Alumina or
CO) tools silicon tools)
Feed 0.75 Feed 0.75 Feed
mm/rev mm/rev 0.75mm/rev
(BHN) | (m min?) (m min?) (m min?)
115200 | 40 120 450
150200 | 25 90 400
200250 | 20 70 250
250-300 | 12 55 180

1.3 Surface Roughness, Surface Finiskand Surface Integrity

The surface polish and integrity gained after machining deterntigegutality of machined
surface components. The physical characteristics and chemical composition of the relevant
surface and beneath layers determine the functional performance of any solid surface. Surface
roughness, surface finish, and surface integity often used to describe the quality of the
surface of manufactured objects produced by various machining processes. They are sometimes
used interchangeably, but they are not identical. Roughness and finish both mean the same
thing, but in different wayswhereas integrity is a broad concept that incorporates both of the
previous two (Eugenetal., 1990).

1.3.1 Surface Roughness

Surface roughness is primarily determined by process variables such as tool geometry (nose
radius, edge geometry, rake angle) andirmytcircumstances (feed rate, cutting speed, and
depth of cut) (Kumar et al., 2013). Surface roughness was more difficult to measure and track
than physical size since it is influenced by a wide variety of situations. Some of these variables
are within ou control, while others are beyond our total control. Feed, cutting speed, tool shape,
and tool setup are atbntrollable process parametegtgher variables like tool, workpiece and
machine vibration, tool wear and deterioration, and workpiece and #ielial variability are

difficult to regulate (Rafai and Islam 2009). Cutting speed, feed, and depth of cut are all critical
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cutting characteristics to consider. Surface roughness is shown to decrease with increasing
cutting speed and decreasing feed agpthl of cut in most circumstancé&ince these, cutting
parameters will decide the type of chips, which we expect at the time of machining of a single
constant material thus we have to analyze them for no suckupwlige chips formation.

Surface roughrss is an important factor that determines the quality of a machined surface. It
depends on many parameters such as cutting condition, machine tool vibration, cutting tool,
and work holding devices. The cutting speed, feed, and depth of cut have a ragoceabn

the surface roughness of the finished component. A lot of research work has been directed
toward improving the surface quality of the machined component. The manufacturing
industries are very much concerned about the quality of their produetg.aré focused on
producing highquality products in time at minimum cost. Surface roughness is one of the
crucial parameters that have to be controlled within suitable limits for a particular process
(Ranganath et al, 2014). It has been an important mdsaure and quality measure in the
machining process. There are a large number of parameters that affect the surface roughness.

These include cutting tool variables, workpiece material variables, cutting conditions, etc.

Lay direction

Rougness height

|
1
Roughness width —-| 't ‘
1

Waiviness
> -
Width
Roughness-width cutoff

Figure 11 Surface characteristics and terminology (Vorbuger and Raja, 1990)

1.3.2 Surface Finish

Surface finish is one parameter of surface topography that indicates the smoothness of a solid
surface. Thesurface finish determines the smoothness of a suaiadd is essential in many
situations, for instance, precisidits fastener holes, fatigue strength, wear resistance, and
corrosion resistance improvement. The surface fassineimproved by decreasing the feed

rate or by increasing the tool nose radiusdirectly indicates the height and depth of asperities

on the solid surface. No surface is perfectly smooth; even if it is perfectly smooth, it cannot be
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determined as every measuring instrument has a range of its capability. High surface finish is
requred in the fields of optics and electronics (lenses, mirrors), medical instruneats,

fluid (nozzle, channel, mixture), and material properties with high fatigue life wear resistance
and toughness. There was different factor that determines surfete duch as feed, nose
radius, cutting speed, depth of cut, feed rate, and workpiece hardness. However, the feed is a
dominant factor (Kaladhar 2019 Kumetral. 2018)

1.3.3 Surface Integrity

Surfaced integrity has a broad domain and consists of all surfacgramhy parameters.
Surface integrity is an enhanced condition of a surface produced in a machining or other surface
generating condition that describes a geometric feature of the surface, physical properties,
chemical properties, mechanical propertiessi¢heal stress, hardness, etc.), metallurgical
properties (microstructure, phase transformation, etc.) and topological properties (surface
roughness). The processes of enhancing surface integrity are such as strain hardening of surface,
the introduction ofcompressive residual stress can increase fatigue life. Every surface
generation or modification process is associated with the alteration of various properties
including roughness, plastic deformatiomicro cracking phase transformations, miero
hardnessand residual stresRéch 2003 Luccaet al2018).

1.4 Research Motivation

Many researchers have conducted experimental investigations in the machining process to add
certain economical values by modifying various machine elements. Improving the surface
qguality of the machined product was one of the most common customer requests, and
manufacturers must remain competitive. Without surface quality, it's difficult to talk about high
production rates, long product life without defects, and mechanical qualitreatefials like
corrosion resistance and wear resistance. As a result, an experimental study work on machining
with two tookturning processes simultaneously has been presented to increase productivity, and
extend tool life with optimum temperature genematiand surface roughness.

1.5 Problem Statement

In the metal manufacturing industry, machining is still the most commonly used method of
product formation. In modern industry, one of the major goals is to manufacture at low cost and
high-quality products in @hort time. During machining of a different workpiece to get good

quality of the product in a short time and to increase the rate of production, it should increase
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the depth of cut in the turning operation. However, the major problem in increasing the dep
of cut is that it affects adversely the surface finish or quality of product and the life of the cutting
tool. If cutting speed is reduced to enhance the tool life the material rate is also reduced and
therefore, the production cost increases and tbdygtion rate is decreased. The concept of
improving productivity rather to focus on different ways like using tools that are more cutting
engaged simultaneous on cutting. Single point tool turning process of components; results in
higher consumption of pduction time, lower production rate; poor tool life, more materials
consumption, and less material removal rate. Therefore, the-tdaltturning process is an
important process, which can solve above listed problems. Thetoullturning process will
be carried out on a conventional lathe machine with necessary modifications. The experiments
will be designed with the dip design of the experiment (Bp tool. The goal was to
manufacture lowcost, highquality products in a short time. Therefore, to fillthe above
mentioned goal, one has to focus on such a method, which will enhance the production rate by
minimizing the machining time and at the same time will not affect the quality of the work
finished.
1.6 Objective
1.6.1 General Objective
The main objectivef this thesis is to investigate thevantagef double tool turningn the
convaitional turning process afast ironmaterial
1.6.2 Specific Objective
The specific objectives are:

1. To optimize the cutting parameters (speed, feed, depth of cut) to mainiaiimpt

productivity using Response Surface Methodology.
2. To determine the productivity ithe multi-tool turning process while maintaining
the required quality of surface finish
3. To analyze heat generated at the-dup interface in double tool turning.

4. To dbserve chip morphology during flake graphite cast iron

1.7 Significance of the Study
Productivity can be enhanced by the proper design of the cutting tool. At the same time, it is
possible to enhance production rate and precision by simultaneous machinioggliiiam one

tool. This study has the following significance
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To enhance the production rate

To enhancéhe precisionof the product.

Obtain a better surface finish

Improve wear and corrosion resistance of parts

Helps to maintain the stability of dim&onal accuracy

o gk~ w b E

Increases the service life of the product, enables customer satisfaotbn
increases market share. Furthermore, the study benefits the manufacturing industry
(especially local industries likRose Ethiopian Iron and Stdeldustry and dter
machine shop industries).

1.8 Scope and Limitation of Studies

This study is limited to

V Selected turning operations on lathe machine with its corresponding cutting parameters.

V Flake graphite cast iron and ceramic coatarbide toolvereselected for spgmen and
cutting tool materials respectively.

V Optimize and identify the most significant cutting parameters at which better surface
finish is achieved during doubknd single tool turning of Flake Graphite Cast Iron
without considering cutting tool geairy were studied because considering the
simultaneous effect of cutting parameters and tool geometry is very complex.

V The effect of cutting force and machine vibration on the surface roughness was not
included because of difficulties to measure cuttingde withouta dynamometer and

difficulties to measure vibration frequencies.

1.9 Structure of the Thesis

1.9.1 Chapter One: Introduction

This chapter starts with giving a brief background about the machine, turning operation,
optimization method, and cast iron.ificludes the statement of problem, objective, scope,
limitation, significance, beneficiaries, etc.

1.9.2 Chapter Two: Literature Review

Describes the general background of the Muwltl Turning process, the idea and the principle

of Multi-tool Turning procesing, and a detailed literature review are presented. The related

conventional single Turning process is also comparedtiwMulti-tool Turning process.
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1.9.3 Chapter Three: Materials and Methods

Describes the general research design, material, tool desagmfacturing, and experimental
condition. In addition, the experimental setup and procedures as well as testing procedures are
also explained

1.9.4 Chapter Four: Results and Discussion

Explains results and discussion obtained from experimental observati@nactehistics of the
production rate of single and double tool turning, macro and microscopically investigations, as
well as the quality of the product were extensively discussed.

1.9.5 Chapter Five: Conclusion and Recommendations

Finally, a summary of the tees work along with conclusions based on the findings was given

in this chapter
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CHAPTER- 2

LITERATURE REVIEW
2.1 INTRODUCTION
The following chapter looks at published studies on the turning process and how to optimize
parametersThe experimet and the turning process, as well as hypotheses and facts, are all
thoroughly explored. The paper covers a variety of optimization strategies for obtaining optimal
results, with a focus on the Response Surface Method. Increased material removal rate with
greater surface finish and high machining accuracy are the most pressing needs of current metal
cutting operations. Its effects are often reduced in the metal cutting process by choosing the
right process parameters. The selection of optimal cutting jgdeasns a very important issue
for every machining process to enhance the quality of machined products, reduce machining
costs, and increase the production rate.
To address these issues, the researchers develop models that attempt to replicate machining
settings and create cauaadeffect correlations between various variables and desired product
attributes. The description of each technique, together with its benefits and drawbacks, should
aid both researchers and practitioners in selecting the apptaadbhest suits their needs and
unique requirements by offering concise yet adequate information. Different studies in the
following part focus on the turning operation and show various results that improve the
observed closeness in the results betweemrempntal and predicted values in the turning
operation.
2.2 Turning Operation
The turning operation was a basic metal machining operation that was frequently used in the
metal cutting industry. During a turning operation, Metal was removed from thedoautezter
of a revolving cylindrical workpiece during turning. It was used to reduce the diameter of the
workpiece, usually to a specific size, and to give the metal a smooth surface. The workpiece
was frequently turned, causing adjacent pieces to haegidgtliiametersThe cutting tool was
fed linearly in a direction parallel to the axis of the rotation. In a lathe machine tool, the turning
operation was performed. The workpiece was held in a chuck fixed to the headstock of the lathe
machine tool and wa®tated at a fixed rotational speed. The cutting tool was advanced at a

particular feed rate and a particular depth of cut to remove the material.
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Figure 21 Turning operation (Sousa et al, 2017)

Figure 22 Turning Operations: (a),[straight turning, [b],Contour turning and Taper turning,
[c],facing, [d], Thread cutting, [e], form turning aff§i boring (Sousa et al., 2017

2.3 Concepts of double tool turning process

The prime requirement in apyoduction process was to produce components at the minimum
possible cost without affecting the overall quality of the component. To achieve this objective
in metal cutting/metal machining many attempts have been made in several different ways; such
as opimizing the tool life to minimize the production cost, maximizing the production rate to
reduce the production cost, etc. If cutting speed is reduced to enhance the tool life material
removal rate is reduced and therefore, the production cost increasesnéireased the cutting
parameters to increase the production rate, it will affect the surface quality adversely. The new
technique, which will enhance productivity without affecting the overall quality of the
component using two singleoint cutting toés works simultaneously for improving the
production rate at the optimum surface finishe additional cutting tool was fitted on the same

tool post and mounted on the same carriage and lead screw as the first one. The following figure
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refers to the schemtic representation of the two cutting tools working simultaneously on a

single workpiece.

Ahuck Work piocs
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Figure 23 Schematic representation cutting tools mechanism (Pradeepktals2015)

This project will investigate the use of two @gi@point cutting tools for simultaneous
machining to increase the productivity of the turning process. A convectional lathe will change
to accomplish a double tool turning procedure. A-toabing fixture will be designed and
installed on the lathe caage. Cutting speed, feed, depth of cut, and distance between the two
cutting tools are all process parameters in the double tool turning process.

Kalkidanet al(2016)studied the various possibilities of simultaneous machining in turning in
several ways.The first was a schematic of cylindrical turnjrayilling at the same time using

a carriaganounted turning tool and a tailsteakounted drilling bit The second operation was

a cylindrical turning procedure, which involved machining two features atithe §me. It is
common to have two tools moving with the same feed, howi\verfeasible for these tools to

move independently. The third illustration depicts a similar setup, except the tools are mounted
on the opposite side of the cylindrical workped his configuration equalizes the forces and
improves precision. In other words, one tool serves as a follower rest for the other. The tool
routes, on the other hand, are asynchronous. The final technique-isoiw&ynchronous
machining. Both tools ardirect across from each other here.

2.4 Analysis of Tooltip Temperature

The study of heat has become prominent in metal cutting as it has a very critical influence on
machining processes. Any machining process involves three basic elements chip, tool, and
workpiece. The heat developed among these elements cause a considerable effect on the

machining performance.
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Pradeep Kumar et al. (2015) addressed a concetpieorate of tool wear and the crater wear

on the rake face of the cutting tool greatly infloed by the temperature at the ctopl
interface. The ToeChip interface is the region where maximum heat was generated among alll
the others. The maximum temperature occurs in the contact zone between chip and tool. In the
entire heat generated, the clegrries 80% of total heat away and 10% transferred to the tool
the remains 10% by the workpie&uring machining, a substantial amount of heat was created

at three different positions from the cutting site. Almost all of the energy expended in plastic
deformation was transformed into heat during cutting, causing a rise in the cutting zone's
temperature. It can, to some extent, increase tool wear and, as a result, reduce tool life.

The plastic deformation and friction between the chip and the tool, asawstlie tool,
workpiece, and various cutting forces, all played a role in the temperature generation in the
cutting zone. Because metal cutting involves a lot of plastic strain, practically all of the heat is
transported to the chip, cutting tool, and wmdce, while only about 1% of the work is stored

as elastic energy.he three sources of heat generation are

1. Sheaiplane (AB), where the actual plastic deformation occurs

2. Tookchip interface (BC), due to the friction between tool and chip

3. Toolworkpiece interface (BD), which occurs at the flank surface.

Figure 24 Sources of heat generation in metal cutffAicadeep Kumar et al. 201L5

Deweset al.(1999) measured the temperature during machining of hardened raditdeli by
using both tool work thermocouple and an Infrared camera. Interface temperature measured
using the thermocouple when machining with the workpieceGtas between 26800 C.

The cutting temperature increased with cutting speed and it diccdote at higher speeds.
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The infrared techniquiedicated lower temperature than the thermocouple method with Value
ranges of 6890 C.

The resultant heat of metal cutting is one of the limiting factors of machining processes. This
phenomenon has advelsegpacts on the manufactured tool, dimensional accuracy, tool wear,
speed, and cost of production. On the other hand, the consumption of cutting fluid used in metal
machining for a variety of reasons such as improving tool life, surface finish, and flaslagg

chips from the cutting zone, has become a health detriment to the operator as well as a
contaminant into the environment.

Karpat and Ozel (2008) presented analytical and experimental validation of a thermal model
when machining at a higher cuttingpeed with chamfered tools. The effect of cutting
conditions, heat generation, and resultant temperature distribution at the tool and in the
workpiece was investigated. The tool and work material pair is CBN and AISI 4340 steel. It
has been observed thaettemperatures increased with increasing uncut chip thickness. This
also resulted in a decrease in friction factor. There are many detrimental effects of high cutting
temperatures produced during machining. This further gets aggravated by increasittqitipe cu
parameters such as cutting speed, feed, and depth of cut.

2.5 Study of Surface Roughness

Surface roughness is a measure of the surface finish of a product and an index of the product
guality (Dashet al,2012).1t depends on many parameters suchudisng condition, machine

tool vibration, cutting tool, and work holding devices. The cutting speed, feed, and depth of cut
have a major influence on the surface roughness of the finished component. A lot of research
work has been directed toward improvitige surface quality of the machined component.
Surface roughness refers to the smsallle fluctuations in a physical surface's height. It's
calculated in a variety of ways, including the arithmetic mean and the -tieeterverage.

Maximum peak (Ry), tepoint mean roughness (Ra), raneansquare average (Rq), reot
meansquare average (Rq), remieansquare average (Rq), remteansquare gerage (Rq),
maximum peak (RzRv is he maximum valley depth, Rt = RgRv is the maximum profile

height, and so anAmong them all,Ra is the most widely used roughness indicator. The
arithmetic measivalue, often known as Ra, is a number that is calculated Hpiyimg two
numbers togethemhe arithmetic average (AA) or CLA (Cenitene Average) was originally

known as AA (Arithmetic Averageor CLA (CentreLine Average)lhe mean deviation from

Page [14



the centerline or datum line of a set of poifiise datum line is drawn so that the sum of the
regions beneath the profile above the datum equals the sum of the aredls thendatum.
Surface roughness was usually measured in microns (m) (Yashaswi 2tidies by (Sahin

and Motorcu 2008) have shown that surface roughness was mostly dependent on feed rate,
which is the dominating facto(Mechlook 200) investigated ther§ace roughness, which is
generally evaluated dirtg using instruments known agdfilometer The Profilometer is a

stylus probe instrument that uses a motor drive to move the stylus positioned in thp prok

across the @chined surface. The selaxtiof output is received and rectified by the pigh,

which is then amplified and the average roughness height is provided digitally. The Taylor
Hobson Talysurf is one of the most prevalent formBraffilometer It works on the principle

of carrier modudtion.

2.6 Analysis of Tool Wear

Tool wear is a common occurrence in the machining process that has a considerable impact on
the size of the product, its quality, the efficiency of the machining operation, production
judgments, and financial feasibilitfhe wear of the insert has a significampact onthe
machine economyp@nd et aR018)Cutting tool wear is influenced by tool material and shape,
workpiece materials, cutting parameters (cutting speed, feed rate, and depth of cut), cutting
fluids, and mahinetool characteristics, among other factors. Tool wear is usually a gradual
process. In cutting tools, there are two types of wear zones: flank wear and crater wear. The
most critical types of tool wear that were measured were flank and crater waamargtoring

was most typically done with flank wear.

Kalidasanet al.(2016) Tool wear was found to be a primary factor influencing machining. It
shows how much material is lost from the cutting tool during the machining process. The two
most prevalentypes of tool wear are flank wear and crater wear. The former is caused by the
cutting tool rubbing against the machined surface, while the latter is caused by the chip sliding
across the rake face of the cutting tool. The tool life, which was measuredutes) was the
amount of time it took for the tool to work satisfactorily. For mtdtl operations, the tool life

was calculated fathe highest production rate and lowest cost.

Tool failure patterns in muHliool machining were described by Zompi et @990), who
employed probability theories to measure tool life. Analyze the +tadtitool life distribution.

Consider progressive wear and sudden tool breakage when evaluating the tool life distribution
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of multi-tool machiningFor multitool and singd-tool manufacturing machines, Sheikh et al.
(1995) offered several tool replacement procedures. Because there has been very little research
on tool wear in multitool turning, the current author conducted an experimental tool wear study
on the double tooturning process. The turning tests were performed on ani2fiong
cylindrical gray cast iron workpiece with a @@im depth of cut, 0.2mm/rev feed, and a 1,240

rpm spindle speed. Eight passes were made to better understand cutting tool wear, and the
workpiece diameter was lowered from 54 to 39 mm throughout thes&3@nd cutting time.

The wtting speed was reduced from 201 to 148 m/min due to the diameter reditittothe

use of a toolmaker's microscope, tool flank wear was assessed after 2048 @asses during

turning to comprehend the flank wear of both the front side and the reanusiithg tool. The

front sidecutting tool's flank wear is slightly higher than the rear-suléing tool'ssincethe
rearcutting tool had less friction.

Bagaler and Yusoff, (2001) also applied CCD, RSM, ANOVA, and DF for research of
Austenitic stainless steel AISI 316 was turned with an uncoated carbide tool. The results
indicated that feed rate and cutting speed are significant factors that influence surghoess

and tool wear, respectively. The surface roughness increases when cutting speed, and feed rate
increase, while the tool wear increases with increasing the cutting speed, and depth of cut.
2.6.1 Tool Failure Modes

To minimize machining cost, it isot necessary only to find the most suitable cutting tool and
work material combination, for a given machining operation, but also to reliably predict the
tool life. Tool wear and tool life in machining are primarily determined by the following factors:

tool geometry, tool materials, workpiece materials, cutting parameters, cutting condition,
machine tool, and so oit. is important to identify the different tool failure modes to select
appropriate operating conditions for machining.

Flank wear

/ bandwidth (FW)
Notch wear

Flank wear

<
N

Figure 25 Principal location and types of weétdition and Groover, 1967

Nose radius wear
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The most widely researched tool failure modes are flank wear and crater wear

8 Flank wear
Flank wear was mainly caused by friction between the flank face of the cuttinghtbthhex
machined workpiece surface and leads to loss of the cutting ldafgretemperatures cause
abrasive and/or adhesive wear, impacting the characteristics of tool materials as well as the
surface of the work piece. The key wear mechanisms in flankaxmeabraion, diffusion, and
adhesionFlank wear is mechanically activated wear in cutting tools caused by the abrasive
impact of the workpiece material on the cutting tools.

§ Crater wear
Crater wear occurs due to the sliding action of the chip on thdaeg&®f the cutting tool. The
tool-chip interface temperate governs this mode of failueand the chemical affinity between
the tool and the work piece materiadlsater wear is influenced by the same factors that affect
flank wear. Diffusion, adhesioand abrasion are the key wear mechanisms in crater wear of
ceramic tools.
2.7 Material Removal Rate (MRR)
Understanding of material removal concept (MRR) in metal cutting is very important in the
designing process and cutting tool selection to ensureuthléygof the product. The material
removal rate (MRR) in turning operations was the volume of material/metavéisa¢moved
per unit time in mm3/sec. For each revolution of the work piece, shaged layer of material
was removed. Material removalte (MRR) is the amount of material removed per time unit.
It directly determines the productivity of the machining processiaglitectly related to the
amount of material removed per unit of tinrethe machining process, high material removal
meanghe removal of a large amount of material per a given time that maximize the production
rate. However, a high production rate only does not mean economic machining because
increasing material removal rate usually results in high surface roughness, higbdoaoate,
and high tool tip temperature, which negatively affect the overall economy of the machining
process. In this study, the following formula has been used to compute the material removal
rate (Durga Bhavani, 2017).

2.9 Summary of literature review
Baker (2000) studied the fracture resistance of flake graphite cast iron. From the study, it can

be concluded that the application of fracture mechanics to flake graphite cast iron was
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considered and it was shown that the fracture resistance can betehaed in terms of the
fracture toughness (KIC) parameter. The micro mechanism of fracture was illustrated and
shown the fracture resistance was controlled by the form and distribution of the graphite and
by the strength of the steldte matrix.

Venkaasubramanian & Baker (2000) carried out the fracture toughness of flake graphite cast
iron having a range of eutectic call sizes and different matrix microstruetature toughness

and tensile strength improve with decreasing cell size and risingrhatdness, according to

the findings.

Dewes et al. (2001) measured the temperature during machining of hardened mold/die steel by
using both tool work thermocouple and an Infrared camera. Interface temperature measured
using the thermocouple when madhmwith the workpiece at 0C was between 26800 C.

The cutting temperature increased with cutting speed and it did not reduce at higher speeds.
The infrared technique indicated lower temperature than the thermos couple method with Value
ranges of 6890 C.

Chen (2001) discusses the cutting forces and surface finish while utilizing CBN tools to
machine medium hardness steel. The issue that all industrialists face in reaching high
productivity Surface roughness during the turning of Flake graphitércass affected by the
problem faced by all industrialists in producing higlnality goods with higher productivity in

less machining time.

Diniz and Micaroni (2002) carried out other experiments in turning operations of AISI 1045
steel, also using coatazhrbide tools and cutting conditions typical of finishing operations.
Their goal was to compare dry cutting with abundant fluid at different feeds, cutting speeds,
and tool nose radii. Their main conclusion was that the operation with fluid alwaysded to
longer tool life when compared with dry turning, but with the increase of the feed and tool nose
radius, the tool life obtained in dry cutting becomes very close to that obtained with abundant
fluid, which makes the use of dry turning of steel feasible.

Diniz et.al (2004) this work aim to seek conditions in which dry cutting was satisfactory
compared with the flood of fluid (called here wet cutting) usually used. Showed that dry cutting
cannot be used with a large depth of cut. But the main conclus®thag if the tool material

was changed to a more waasistant one, dry cutting can be used with results very similar to

those obtained with a flood of fluid (wet cutting).
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Boswell et.al (2007) Present a review identifying the effectiveness of mininguiantity
lubrication (MQL) during conventional machining. Mechanical properties, quality, and type of
the machine tool used in auxiliary tooling Surface roughness remain the main indicator of
machined component quality as it was related to surface quality.

Kalidasanet.al (2009) the objective of this work is to make an experimental investigation on
the distribution of cutting forces and feed forces on the front and rear cutting tools at various
offset distances and different depths of cut during the M turning process. It was found

that the forces increased proportionately with the increase in depth of cut and the magnitude of
increase of forces for front cutting tool and reatting tool is different. The main aim of this
work is to make an expenental study on the distribution of cutting forces in the Muoldil

turning process, particularly regarding two singtent cutting tools machining simultaneously,

at different offset distances, and various depths of cut.

Tetsuya Uchimoto et al. (2010hvestigated the feasibility of using the electromagnetic
nondestructive evaluation method to characterize the shape and size of graphite in flake graphite
cast iron. The conductivities and magnetic characteristics of flake graphite cast iron materials
with varied graphite structures and matrices were measured and assessed systematically.

Li, (2012) presents the information on the development of a study on theoretical analysis and
numerical simulation of tool wear all over the world. Focuses on the neviodenent in
predicting the tool wear evolution and tool life in orthogonal cutting with FEM simulations.
shown that the simulations using a cutting tool with constantly updated rake face and flank face
geometries are possible to predict the evolution of waar at any given cutting time from

FEM simulations. In addition, a region of very low wear rates was observed close to the tool
radius on the rake face side. It is found that tool wear is not formed by a unique tool wear
mechanism but a combination adveral tool wear mechanisms. Tool wear mechanisms in
metal cutting include abrasive wear, adhesive wear, solution wear, diffusion wear, oxidation
wear, etc.

Kalidasangt al(2014 investigated the distribution of cutting forces and feed forces on the fron
and rear cutting tools at various offset distances and different depths of cut during the Multi
tool turning process. It was found that the forces increased proportionately with the increase in
depth of cut and the magnitude of increase of forces fat fnatting tool and reacutting tool

is different.
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A study titled "Surface Finish Monitoring in CNC Turning Using RSM and Taguchi
Techniques" was delivered by Ranganath et al. in 2014. The results of an experimental
examination of the effects of speedederate, and depth of cut on surface roughness in CNC
aluminum turning were described in this work (KS 1275). In CCD, the three parameters speed,
feed rate, and depth of cut were chosen in the screening experiment. Taguchi and response
surface methodologyere developed using Minitab 15. The dagrealso analyzed using the

same program. The Response surface methodology revealed the importance of all conceivable
combinations of interactions and square terms, although Taguchi's technique usually only looks
at threeThis issincecontrol factor interactions were aliased with their major effects. The time

it took to perform trials with the response surface methodology technique was nearly double
that of the Taguchi technique. The Response surface methodo8iygurfaces might aid in
visualizing the effect of parameters on response over the entire range indicated, whereas
Taguchi's technique provided the average response value at a given level of parameters. The
Taguchi technique did not have the optimizatjnt derived from the Response surface
methodology. As a result, the response surface methodology is a more effective tool for
optimization and can more accurately forecast the impact of factors on response.

Pradeep Kumaet al.(2015) addressed the copt@f various sources of heat generation and

its considerable effects on the life of the cutting tool and the quality of the machined parts and
the distribution of the temperature in a different region. The study has also been conducted on
the various asmts of heat generation, as it caused due to the cutting edge of the tool slides
across the surface of the work and the paper focuses on various factors that influence the
temperature generation. From the study, it can be concluded that heat distribth®chip,
workpiece, and tool is in the ratio of 80:10:¥@hich shows the heat generated at the-tdop

interface is more and diverts to focus on that region.

Kalkidanet al(2016) evaluated the cutting forces and temperature in-tooltturning of gey

cast iron. It was observed that the temperature rise in the workpiece caused due to front and
rearcutting tools remained uninfluenced by the distance between the cutting tools and at the
conditions, the reacutting tool experiences lesser force comngpao a front tool, which reduces

the friction. Kalidasaret.al (2016) studied the tool wear, machining accuracy, and- chip
morphology with double tool turning. It was observed that the effective coefficient of friction

of the rear tool was lesser thare thont tool. The dynamic stiffness of the machining system
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was influenced by the compliance of headstock, tailstock, and carriage. Apart from this, the
workpiece length, cutting tool, tool post, and working holding device such as chuck also affect
the dyramic stiffness. The results confirmed the workpiece temperature was higher when the
rearcutting tool removed the material hen compared with the rotiing tool. Under the
experiment, the chips generated from the front cutting tool did not show amathedfect and

it was found that a higher depth of cut leads to higher diametral error.

Die souseet.al(2017) studied a review on the machining of cast irons. The machine parameter,
characteristics, and properties, machinability were studied. White@astnd CGI are not so

easy to machine though, due to their high mechanical properties and presence of hard carbides
in their microstructures that contribute to promoting abrasive wear and consequently reduction
in the tool life. Nodular cast iron has lamachinability when the chip breakability is the criterial

due to the frequently continuous chip formation examined. They stated as coated cemented
carbide remains the main tool material used for machining cast irons, in general, due to the
good combinatin of hardiness, toughness, and costs.

Yadav (2017) developed a mathematical model and optimized the cutting parameters in the
duplex turning process using a combined Taguebtponse surface Methodology hybrid
approach. It was reported that the surfagisifies improved significantly in the hybrid approach
compared to the Taguchi method. It was reported that the conductivity and permeability of the
flake graphite cast iron materials depend largely on their graphite structure rather than on the
matrix.

Tariqul Islamet al.(2019) studied to determine the nature of heat generation and temperature
distribution of different materials under different cutting tool feed. Both the heat generation and
temperature due to different feed are found in terms of tempenauation. The result found
through the numerical analysis suggested that temperature deviation increases with the cutting
tool velocity but heat generation decreases with increasing the feed rate.

Sivaramakrishnaialet al. (2019) studied numerical anexperimental validation of chip
morphology. Since experimental techniques for investigation, the chip morphology is
expensive and timeonsuming to overcome these difficulties used FEM (Finite element
modeling) and simulation process as an effective tootlivination the effect of cutting

variables. FEA simulation process model developed to divination the chip morphology and
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cutting forces in turning of A6061 with WC tool. It stated that numerical simulation process

software is a reliable tool for divation chip morphology.

Table 21 Some Summary of Literature Review

SIN | Author Operatio | Mater | Optimization | Input parameters| Response Results/most
Name n and ials Techniques variable significant
machine | used | used parameters
used
1 Kumaragu | Turning, | EN9 Taguchi Feed Rate and | Surface Feed rate
rubararet.al | CNC steel | Design of Depth of Cut Finish
lathe Experiment
2 Prof. P.D. CNC ENS8 Taguchi CuttingCondition | Surface Spindle
Kambleet al | Lathe DOE , Speed, Feed, | Roughness | Speed
Depth of Nose | MRR
Radius.
3 Choudhary | Turning | EN24 | Response Feed Rate and | Surface Depth of cut
et al T surface Depth of Cut roughness
methodology
Surface
roughness
4 Singh Ordinary | EN8 Taguchi Spindle speed, | Surface Spindle speec
lathe method feed rateand roughness
depth of cut.
5 KALAD Turning | AISI ANOVA Spindle speed, | Surface Feed rate ang
HAR 202 nose radiusand | roughness | nose radius
feed rate
6 AshvinJ et | Turning | AlSI Response Nose radius feed| Surface Feed rate
al 410 surface rate and depth of, roughness
methodology| cut
7 Sureshetal | Turning | AISI Response Cutting speed, | Tool wear, | Cutting speed
1030 | surface feed rateand machining
methodology | depth of cti time, and
surface
roughness
8 Paul,et al Turning | AISI Taguchi Feed Rate an( Surface Feed rate
4340 | DOE Depth ofCut roughness
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9 Asilturk Turning | AISI Taguchi Feed Rate and| Surface Feed rate
llhan et.al 4140 | Method Depth of Cut roughness
10 | Asilturk Turning | AISI Taguchi Feed Rate and| Surface Feedrate
llhan et.a 4140 | Method Depth of Cut roughness
11 | M. Nalbant| Turning | AISI Taguchi, insert radius, feeq Surface Feed rate
et.al 1030 | S/N, rate, and depth g roughness | insert radius
ANOVA cut
12 | D. Singh Ordinary | EN8. | Taguchi Spindle  speed| Surface Feed rate
lathe method feed rate and| rougmess
depth of cut
13 | Kirby et.al Turning | S45C | ANOVA Cutting  speed| Surface Feed rate
feed rate and| roughness
depth of cut.

2.10Research Gaps

Researchers have been fascinated by metal cutting due to its economic and technical

importance. Among all the mhiming proceses turning is a very widely used process. Many

efforts have been directed toward improving the productivity of the process. A small increase

in productivity can lead talarge amount of cost savings. Mditiol turning process has got

many alvantages apart from increasing productivity. Therefore, the following aspects of multi

tool turning need to pay attentitm

1 The machining performance depends on several parameters. Such, the cutting forces

and temperatures generated dutimgprocessare of prime importance. In this aspect

a lot of research work has been donetlmnsingle tool turning process. Double tool
turning remains a less explored area.

The e of two tools simultaneously improves the product qualityhédouble tool
turning process. The dimensional error and the tool wear in double tool turning is
another domain where there is hardly any documented research work. It offers an ample
scope to explore it.

Surface roughness in double tool turning is an area that has receadsztjuate
attentiondespiteits ability to produce good surface finish.

Machining Time role in the improvement of productivity time Multi-tool turning

process.
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CHAPTER- 3

MATERIAL AND METHODS
3.1 Introduction
This study was conducted to investigate ithpact osurface roughnessnprove productivity
and tool wear, and study the behavior of cutting parameters for flake graphite cast iron using
both double and single tool turning machining processes. The details of the experimental
procedures and matal used for the study were provided in this chapter. All machines and
instruments were discussed with supporting photographs and schematic diagrams.
3.2 Experimental Procedure
Figure 3.1 shows the overall stages for studies of an experimental investig@gticondition

in the double tool turning process of flake graphite cast iron.

| Start of the study H Conduct the Literature review |
| Design of tool hold & fixture L-—{ Material and tool selection |
| Manufacturing tool holder & fixture ‘

. Preparing the facilities for |
experimentation purpose

‘l Conduct expelilj;ent work -|— Study surface quality |
v
| Optimization | _"| Study material removal rate |
| Results discussion and analysis ‘ Study tool wear |
| Conclusion and recommendation ‘ Studying heat g_er;m:?ted at tool-tip chip ‘
interface
: 4
| Report writing ‘ » Observation chip morphology ‘

Figure 31 Experimental Procedure
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3.3 Tool Fixture Designing and Manufacturing

For this experiment, the tool fixture was manufactured using stél. The tool fixture has
(84*1007167) mm dimension, which was used for rigidly mounting onto the tool post of the
lathe. The tool fixture haa groovel part to the dimension of 60*64 mmhe tooling fixture
used in this experiment was manufactured f(841+101*167) mmdimension and M 13 hole

on the top side of the platén addition, used to mount the lathe's tool post firnAjl.

dimensiom are in mm.

Figure 32 Photo of the tool fixturand detailed schematat the tool fixture

The manufacturing process of tool fixtures was performed on lathe machihesedEthiopian

iron and steel factory.he Pasquino RB0OO lathe machine has an accuracy of 0.001 mm (1um).
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Figure 33 Pasquind®F 300 lath machine

3.4 Cutting Tool Holder and Fixture Modifications

The double tool turning process was carried out on a conventional lathe machine fitted with an
attachment modified to accommodate required experiments. The lathe machine Tool post was
used to mount the tool fixture in the right position. The double sipgiet Cutting tools were

mounted on the manufactured téimture as shown in Figure 3.4.

Compound rest

Tool Post

| 15t Cutting Tool

20d Cutting Tool

Figure 34 Lathe machine configurations

3.5Materials

The materits employed in this investigation were flake graphite cast iron, which is frequently
used in brake drums, clutch faces, and flywheels, among otherataapplications. In many
cases, the exceptional surface polish achieved removes the need for gBadaugse the chips

are fragmented, cutting speeds can be increased without causing problems with chip control,
etc. The cylindrical flake graphite cast irsmorkpieceused in the studies have a lengttb00

mm and a diameter of 30 mm.
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3.5.1Analysis of Machining Parameters

Geometry and machining parameters both influence the turning process. The three principal
adjustable machining parameters in a basic turning process, namely speed, feed, and depth of
cut, are the focus of this research. Three paramatershown in Figure 4. The combination of

these three parameters results in material rem@taler input factorsnfluence the output
parameters, such as surface roughness and tool wear, but the latter are the ones that the operator

can easily change duag the operation (Maity, 2014).

Turning
Process

Cutting speed Feed Rate

Depth of cut

Figure 35 Factors affecting the turning process

3.5.1.1 Cutting Speed

The cutting speed was defined as the rate at which the uncut surface of the workpiece passes
the cutting tool. It is ofteneferred to as surface speed and was ordinarily expressed in m/min,
though ft./min is also used as an acceptable unit (Maity, 2@14)ing speed can be obtained

from the spindle speed. The spindle speed is the speed at which the spindle, and hence, the
workpiece, rotatedt was given in terms of the number of revolutions of the workpiece per

minute i .e. rpm. | f the spindle speed is AN
o — (2.2)

where D = Diameter of the workpiece in mm

o Pi : 3.14

3.5.1.2 Feed

Feed is the distance moved by the tooltip along its path of travel for every revolution of the

wor kpi ece. I't was denoted as #Af o0 expredsekix pr ess

terms of the spindle speed in mm/min as
O (2.3)
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Where, f = Feedn mm/rev, and N= spindle speed in rpm

3.5.1.3 Depth of cut

The distance between the newly miaed surface and the uncut surface was defined as the
depth of cut (d). It's the thickness of the material being removed from the workpiece, in other
words.It can alternatively be described as the tool's depth of penetration into the workpiece, as
measued from the workpiece surfadeeforerotation. Due to the rotation of the work, the
diameter after machining was reduced by twice the depth of cut, since this thickness was

removed from both sides.
Q — (2.4)

Where, D1 = Initial diameter of job, and D2 = Final diameter of job

Depth of Cut
Workpiece » |° a
N / ES
/— Machined Surface
Cutting Speed T
i
'
I
—_— Feed per Revolution

\~ Chip

\-— Cutting Tool

Figure 36 The adjustable machining parameters (YangTartig 1998)

Table 3.1 List of parameters and their levels for single tool turning

S. No | Cutting _ Level
parameters Symbol) - Units Low | Medium [ High

1 Cutting speed | Vc m/min | 50 70 90

2 Feed f mm/rev| 0.3 0.525 0.75

3 Depth ofcut d mm 0.35 |[0.675 1.0

Table 3.2 List of parameters and their levels for double tool turning

S.No | Cutting Symbol| Units Level
parameters

Low | Medium | High
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Cutting speed | Vc m/min | 50 70 90
Feed f mm/rev| 0.3 0.5 0.75
Dephofcutl |d: mm 0.5 0.75 1.0
Depthofcut2 | d mm 0.75 |1 1.25

3.5.2 Properties of Workpiece Material

The machining behavior of flake graphite cast irons has been carefully considered. The
inexpensive cost of the material and the casting proces®llesswhe economics of machining

the completed piece, are primary reasons for cast iron's continued widespread use in
engineering. Cast iron is machinable in practically all ways: tool wear is low, metal removal
rates are high, tool forces are low, andvpo consumption is low. The machined cast iron's
surface isn't very lustrous, yet it's ideal for various sliding interfaces. Even while milling at high
rates, the chips are twisted as extremely small remains that can be voluntarily cleaned from the
cuttingregion(Edward andPaul 2000).The chemical composition of the material is in Table

3.1. As observed using Spectrometer in weight percentage.

Table 33 Chemical composition (W) of flake graphite cast iron

Element Iron, Chromium, Nickel, Manganese Silicon, Carbon Phosphorous Sulphur,
Fe Cr Ni Mn Si P S

Wt% 925 0.136 0.01 0.352 1.371 45 0.003 0.18

3.5.3Cutting Tool Materials and cutting condition

3.5.31 Cutting tool materials

Cutting tools are the main things to calesi when choosing the cutting process of metal
materials. The high hardness of material requires cutting tools that have high toughness to do
the cutting A cutting tool was any tool that was responsible for removing the excess material
from the workpieceby direct mechanical abrasion and shear deformabasi{, 2012)To

perform an effective cutting operation, the cutter must be made from a material harder than the
work material to be cuin addition, the tool must be ready to withstand the heat gederate
during the machining processccording to (Schenider, 1989), an efficient cutting tool should

have the following characteristics
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a. Hardness: The tool material should be harder than the work material.
b. Hot hardness: The tool must maintain its hardnesdeatated temperatures encountered
during the machining process.
c. Wear Resistance: The tool should have served to its acceptable level of life before it wears
out and needs to be replaced.
d. Toughness: The material should be strong enough to withstameksand vibrations
during interrupted cutting, the tool should not chip or fracture
Ceramic coatedarbide tool was used in this study due to their improved properties like good
thermal shock resistance, good higmperature strength, creep resistance,dewnsity, high
hardness and wear resistance, electrical resistively, and better chemical resistance and ceramics
are suitable coating materials for tooGatnuscu, 2006 The most commonly used ceramic
coating is aluminum oxide (AD3). For turning, the diing tool insertwas used with 1ISO
specificationCNMG 120408 According to the orthogonal rake system of tool geometry
definition, the used tool sert possessed°®, -6°,6°,6°,15,80°, and 0.8mm tool signature.
These values are for inclination angle,hogonal rake angle, orthogonal clearance of the
principal flank, auxiliary orthogonal clearance, auxiliary cut@uge angle, principal cutting
edge angleand nose radius of tool insert, respectivdlile main drawback of higbpeed
cutting is the rapiavear of cutting tools, which is caused by the high temperatures generated at
the cutting zone. The high hot hardness, wear resistance, and chemical inertngSsbasad
ceramic cutting tools make them suitable for ksgieed cutting operations. Its tdumpss can
be improved by embedding fine zirconia (Zy(articles by an amount &5% into the
aluminum oxide matrix. Such a ceramic is called dispersion ceramic. White oxide ceramic is
used in the rough machining of grey cast iron, nodular cast irorghaltet cast iron(Sarma
et.al 2007 Camuscu, 2006).
Ezugwu and Tang (2011) compared the quality of machined surface in the turning of cast iron
and nickelbased Inconel 718 alloy with round and rhombstidped pure oxide (ADsz + ZrOy)
and mixed oxideAl20s + Tic) ceramic tools. The test results showed that both round inserts
and rhomboieshaped tools give a better surface finish for both types of ceramics. Machining
with the mixed oxide ceramic tools produced a better surface finish than with thexplee
ceramic(Sarma2007).

Page |30



Table 3.4 The composition and properties of cerartiated carbide cutting tool

Cutting tool | Composit| Hardness| Thermal Transverse | Density| You n g
ion (HV) conductivity rupture (g/cm) | modulus
(W/m.k) strength (GPa)
(MPa)
Ceramic Al203 2100 29 2150 11.6 530
coated carbid¢ (96.5 %),
cutting ZrOz
(3.5%)

3.5.3.3Cutting condition

Cutting conditions play an important role in the efficient use of a machine tool.-éuttgg

environment was used for thepeximentation process. The dry cutting process uses no coolant

during machining. Byhe use of dry cutting, the costs of cutting fluid walteviated. Cutting

fluids have corrosive effects anare nonenvironmenal-friendly. Dry cutting reduces

machinirg costs ands environmentafriendly. In addition, inserts perform better at higher

cutting temperatures achieved during dry cutfidglim, 2008).

Dry machining represents a more valuable alternative, especially in terms of cost savings and

environmental gstainability. It can provide a machut@ol flexibility and cost advantage if big

sumps are not required.

3.6 Tools and Equipment Used
3.6.1 Lathe Machines
The workpiece material prepared was mounted and machined in a rigid and powerful

conventional lata machine. The double tool turning operations were conducted mainly on a

conventional lathe machine, a modelR#300 poweredby a 7.5KW motomwith a spindle

speed range of 3 to 2000 rpm.
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Chuck

Speed Selector i — Tailstock
| Tool post
Feed Selector R =
Workpiece
Depth Selector

Figure 37 Conventional lathe méame used for experimental study

3.6.2 Thermocouple

In this study, a digital thermometer device consisting of-thamnel thermocouples was used

for the temperature at the cutting tool insert érfds thermometer can be used to measure at
most four diffeent temperatures simultaneously. It has accurate measurement, quick response,

stable performancand simple operation.

Figure 38 Digital Thermometer Temperature Tester

3.6.3 Profilometer

The most practical method for assegssurface roughness is to measure it, which is defined as
the irregularities left on the surface following the machining operation. Ra is the average
roughness utilized in this investigation. The equipment used to measure the surface roughness
was a cordct type Model 657111, the reading distance range was 0.6mm and the maximum
measuring range was ‘Ifh. Surface roughness (Ra) data were collected at three different
locations, and then the average values were calculaigdre 3.10 was shown the surface

roughness tester device.
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Figure 39 Surface roughness tester device

3.6.4 Spectrometers
Optical Emission Spectroscopy (OES) Q2IQMruker analysis is a rapid method for
determining the elemental composition of a variety ofatsesnd alloys. For this experiment

was used for identifying the chemical composition of workpiece material.

Figure 310 Spectrometer machine tool, result in the display window

3.6.5 Scanning ElectrorMicroscope [SEM]
Scannig electron microscope (SEM) prodsdegh resolution, high magnification images by
scanning the surface of a specimen with a focused beametéctron. A model of JCM-6000

Plus scanning electron microscopas used to scan the weartlod cutting tool.
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Figure 311 Scanning electmmicroscope

3.7 Research Methodology

The experimental work would be carried out employing Flake graphite cast iron as the work
piece material. The method of specimen preparation, the design oiheipisrprocedure, the
selection of a proper design, analysis of variance, and methods for measuring tool wear, cutting
temperature, surface roughness, material removal rate, and chip formation observation would
all be discussed under research methodology.

3.7 Specimen Preparation for Turning Operation

The workpiece materials used for this study is flake graphite cast iron on a conventional lathe
machine, whichis highly used in the application of the automotive industry. For both single
tool turning and dable tool turning using the same workpiece material for both experimental
studies. The experiment was conducted on the convectional lathe machine with different
combinations of turning process parameters.

This workpiece, with a dimension 80x500mm (30mndiameter and 500mim length was
prepared for each single and double tool turning0Am lengthof the workpiece was clamped

in the chuck and rough turning was carried up to the leng#s@imm.Cleaning the samples

of surface contamination, such asstjlgrease, or any other soluble organic particles, so that
there will be no adverse effect on the results. The work material was centered and cleaned by
removing a5 mm depthof cut from the outside surface to remove rust before the actual
machining procss. One end of the workpiece was held in a chuck and the other end was
supported by a tailstock. After the turning operation finished, the specimen was taken for
measuremeniThen fifteen experiments with each cut length of 25 mm and the selected depth
of cut for both single and double tool turning would be operated with different turning

parameters for experimental study with different cutting parameters.
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3.8 Experimental Setup

The experiments had performed in a conventional lathe machineendttimg ool used was

a ceramiccoated carbide toolThe detailed information on chemical composition and
mechanical properties is providedTiable3.1 and Tables3.2 respectivahd specification of
500mmin length and30mm Flake graphite cast iron diameter wasgared for both double
tool and single tool turning process under dry machining conditidres experiment is made

in the RoseEthiopian Iron and Steel FactaryAddis Abala.

ol | g

Figure 312 Experimental setups

3.9 Experiment dan
The experiment was performed to investigate the effect of input parameters on response. The
design of the experiment (DOE) has a significant effect on the approximate accuracy and cost
of the response surface. The experiment of fifteen runs was razetbby using the Design of
Experiment. DOE was evaluated as the response to the model fitted. The design data was
evaluated by running the fifteen samples through turning operation and calculating the
measuring of the surface roughness using a Profilomederboth double tool and single tool
turning using the same workpiece material for experimental study under dry cutting conditions.
3.10 Design of Experiment
DoE has been implemented to select manufacturing process parameters that could result in a
better quality product. The methods of design such as

A Taguchi 6s method

A Response surface methodology

A Factorial designs
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RSM could help in visualizing the effect of parameters on response in the entire range. It is a
better tool for optimization and better pietd the effect of parameters on response and the
optimization plot is the feature. Design of experiments (DOE) was a structured method that was
used to identify relationships between several input variables and output responses. DOE
techniques were empleyg before, during, and after the regression analysis to evaluate the
accuracy of the model. With the help of DOE, the resources needed to experiment can be
optimized (Halim, 2008)A few methods used as DOE was Taguchi Method, Response Surface
Method, andractorial Designs. hider this studyResponse Surface Methodology focused on

the ensuing study. Among this method, the Response Surface Methodology focused during the
ensuing study.

3.10.1 Response Surface Methodology

RSM was one of the design experimeathniques used for optimal parameter setting.
ANOVA, Surfaces plots analysis, and optimal values for experiments conducted based on the
experimental data can be evaluated. A collection of mathematical and statistical techniques that
are useful for modelingnd analysis of problems wmhich a response of interdstinfluenced

by several variables and the objective is to optimize this resgblusggomery et al 1997).

RSM can be defined as a statistical method that uses quantitative data from appropriate
experiments to determine and simultaneously solve maliable equations correlating the
dependent parameters(response) such as cutting force, power consumption, surface roughness,
and tool life with independent parameters (input variables). Cutting Sigeeldrate, and depth

of cut, in a turning process. The graphical representations of these equations are called response
surfaces, which can be used to describe the individual and cumulative effect of the input
variables on the response and to deternfirariutual interactions between the input variables

and their subsequent effect on the respdifsEnganath et al 20140 observe the most
influential process parameters in the turning process, namely cutting speed, feed, and depth of
cut each at three lels considered in the case of this thesis.

For these reasons, RSM, based onrIBBE, was selected. Therefore, it is used in this work to
model, predict, and optimize the parameter. As a mathematical and statistical technique, it was
developed for the trement of problems involving a response of interest as a function of several

variables. It is one of the ways machining process modeling and analysis can achieve to
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facilitate its optimizati on. For the Ano nu
surface was defined as ((Halim, 2008

Y = (X1, X2, X3 Xa € Xn) + U
Where, x é xn are the independent input parameters@iscthe random error
Y is the output or response variable which has to be optimized.
In a turning operation with three input \ales, the response function written as:

Y =f(xs, X2, x3)  + U
Where, X =logVc, »=logf,andx= | og d. Y = | og parameter an
If the response can heell modeled by a linear function of the independent variables, the
eguation can be written as:

d O © @ o  JIIID - (3.3)
However, if a curvature appears in the system, then a hiager polynomial such as the
guadric model below the equation may be used.

® © B 0B o® B 0QQn0 (3.4)
Where Y is the correspondi ng rereisppt@parasneterand X i
The terms & by, by, and so on are the seceodler regression coefficients. The second term
contributes to the linear effect, the third term contributes to the hagder effects, and the
fourth term contributes to the interactieffects of the input parameters. The values of the
coeficients are estimated by sing the responses collectedi(W2é¢ . . . ) t hrough th
points (n) by applying the least square technique. This equation can be rewritten in terms of the
three varialds:
AT AT A S A S S @ @ @ @ @ (3.5)
The objective of using RSM is not only to investigate the response over the factor space but
also to locat¢he region of interest where the response reaches its optimal @ptmaal value.
A careful study of the response surface model provides a combination of factors giving the best
response.
The BoxBehnken (BBD) was selected for the design of the turekmeriment. Analysis of
variance (ANOVA) was used to validate the developed models and to predict the effect of
selected factors A, B, and C on the response characteristics Ra. Optimization of the coded and
actual response functions, Ra (A, B, C), sulgjeconstraints as determined by the limits of the

factors A, B, and C, was performed as appropriate using a standard optimization technique. The
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RSM was implemented in the Minitab softwarersion 18 The response surface method is a
sequential procesand the methodology used for the modeling can be summarized, as shown

in the figure below:

( Start ;} Identification of the problem

|

Determination the independent extraction Determination of the dependent variables
(responses)

variables(factors)

Decision of factor levels
—.{ Selection the proper design —— BBD,CCD.CCRD, elc
|
Running experiment ‘
No Bviluaton the model ANOVA test to check the fitness of
L Z J the model
PN
" Satisfied ™

'>// i1 > H v 1>\ [ . . . ]
"-\_:“”h model fitness ,/’_ve"‘ Graphical analysis using main plot,

interaction plot and surface plot

Figure 313 Outline of response surface methodology used

3.11 Surface Roughness Measurement

The quality of the surface made using camtianal and noftonventional machining is

important because a smooth surface reduces the chances of surface scratches caused by wear
and corrosion. Likewise, the superiority of a part made by turning operation can affect the
performance of the surface foear and corrosion safeguard. The surface profiles of all samples

were quantitatively analyzed to determine the statistical standard parameter of average
roughness, Ra by using mark surface. The roughness of a surface cannot be easily cleared by a
single@r ameter . |l tds a basic property of the s
least three times at different new locations on a rod bar surface to make certain the repeatability
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and reproducibility of the result. In this study, after the turmiracess of flake graphite cast
iron with different cutting parameters, the centerline average surface roughness was measured
by a surface contact Profilometer.
3.12 Measurement of Material Removal Rate (MRR)
The material removal rate is the amount of mateemoved per unit time and ultimately
determines machining productivity in roughing operations and production of large batches, the
material removal rate negdio be maximized Mozammel etal.,2018. In the present
investigation, the following formulaas been used to compute the material removal rate.
0 'Y ¥ 0 0" (3.6)

Where MRR = Material removal rate,

f = feed (mm/rev),

Vc = cutting sped (m/min), and

ap = total depth of cut (mm).
3.13 StudyingCutting Temperature
The friction betwee the rake face of the cutting tool and chip causes heat generation in the
secondary shear deformation zone whereas the friction betweeoltiarik and the machined
surface causes heat generation in the tertiary shear deformation zone. Higher cutting
temperature adversely affects the tool life and decreases the wear resistance and hardness of the
cutting tool, which causes poor surface finend dimensional inaccuracy of the machined
surface. Therefore, it is important to maintain a lower cutting temperature during the machining
process. Measures the temperature of the cutting tooltip during dry machining of flake graphite
cast iron in a sigle and double cutting tool turning operation waed digital thermometer
temperature tester. During measuring the cutting tool tip temperature first, insert the two tips of
wire into the thermocouple then make to hold it to both cutting tool matendtssistudy, the
temperature generated at the cutting tgpoiMas measured for each of fifteexperiments using

a digital thermometer tempeuae tester shown in figure 3.12
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Workpiece

Thermocouple

Figure 314 Tooltip temperature measurementuget

3.14 Tool Wear Study

Surface roughness, cutting temperature, surface integrity, and other machinability
characteristics are frequently dependent on and affected by tool wear. Many variables influence
it, including tool material, coating application, taog speed, feed, cutting depth, and cooling
environment. Using a Scanning electron microscope, the impact of all of these characteristics
is examined.

3.15 Chip Formation Observation

Chip creation and removal are critical in cutting procedures with eBpabnstrained cutting

zone, such as drilling, reaming, milling, and all turning operations on automatic lathes. The
orthogonal cutting depiction is the best way to see the specifics of the chip mamuodact
process. Chip formation wasewed as a twalimensional process in a plane perpendicular to

the cutting edge ithe orthogonal model (Mohamma@008) The cutting tool penetrates the

work material during the machining process, causing it to bend elastically and subsequently
plastically. The materiabegins to flow as soon as the taotluced shear stress reaches or
exceeds the shear strength of the work material in the shear zone. The distorted work material
generates a chip that flows across the face of the cutting tool, depending on the totlygeome
Shear stresses are created in the secondary shear zones by friction between the tool's contact
planes and the underside of the chip or the new workpiece surface. Generally, the main type of
chip that can be formed is fragmented chips. The chips aneébas very small rubbish, which

can voluntarily be cleared from the cutting area even when machining at very far above the
ground speeds. It is to some amount dirty and sandy action; throw a fine scatter of graphite into
the air, so that fortification fofactory employees may be necessary. Like when cutting other

Page 40



supplies, there is a great differentiation between the behavior of cast iron when sheared on the
shear plane and at the tool work interfaldee most significant feature is that cognapart on

the shear plane occurs at very common intervals, initiated by the graphite flakes. The chip is
thus composed of very small remains a few millimeters in the piece. Because the chips are not
continuous, the length of miag contact with the rake face is vesiort. The chips are skinny

and the cutting force and power utilization are near to the ground. The cutting force is low also

because graphite flakes are very weak. One flake may lengthen a significant way across the
shear plane.
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CHAPTER-4
RESULTS AND DISCUSSION

4.1 Introduction

The point of the study was to see how different cutting parameters affected the surface quality,
material removal rate, tool wear, tooltip temperature, and chip morphology of Flake graphite
cast iron during iagle and double tool turning under dry conditions. The results of each
experiment were thoroughly discussed in this chapter. The experiment's design was utilized to
determine the best cutting settings and the ones that had the most impact on suff@og. finis

For each double and single tool turning, all fifteen trials were undertaken with varying cutting
parameters but with a constant length of c#0@fimmand a diameter of the workpiece prepared

for experimental investigatioof 30mm. This experimentahvestigation of the turning process

of flake graphite cast iron during dry machining operatioasewarried out at various cutting
speeds (50, 70, 90) m/min at feeds of (0.3, 0.525, 0.75) mm/rev, anth&iittst and second
depths of cut of (0.5, 0.7%,0) mm, and (0.75, 1.0,25) mm for double tool turningyhile for

single tool turning was (0.35, 0.675 and 1.0) mm.

For the experiment, the cutting parameters for double tool turning and single tool turning were
optimized individually on a typical Ilae machine. Figure 4.1 shows a sample of flake graphite
cast iron after turning under both machining settings. This part tries to convey the details of the
study's results and debate.

Figure 41 Samples after turning progefor both operations

The surface roughness of these two components was examined, and the findings were assessed.
The results demonstrate that the component turned with the Single Tool turning method has a
higher Ra value. As a result, the surface firmbbained in the component turned using multi

tool turning was superior to the surface finish obtained in the component produced using the
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traditional turning method. Because two cutting tools were simultaneously engaged with the
workpiece in double tool taing.

4.2 Optimization of Cutting Parameters

The focus of the work was on the investigation and optimization of turning cutting parameters
for flake graphite cast iron using the Response surface methodologzBeBmken Design
(BBD) method comes undergtlResponse surface methodoldgyRSM, boxBehnken design
(BBD) is one of the prominent techniques to minimize the number of experiments and obtain
quadratic interactions between selected factor pairs. AB&atnken design is an experimental
design, usefun response surface methodology, for building a se@yddr (quadratic) model

for the response variable and few runs. The response surface design is better, as it generates a
secondorder quadratic model of regression, which is a better predictive rtinaohed firstorder
quadratic model. In this work, BBD has been applied for the experimental investigation.

4.3 Analysis of Surface Roughness

Analysis of Surface Roughness Measurements of surface roughness (Ragrddtken at

three different locationspn the machined surface using a surface roughness tester
(Profilometer), and the average values were recorded. The measured experimental results of
mean values of surface roughness for each trial experiment are illustrated in Table 4.3 and Table
4.4 for oth single tool turning and double tool turning respectively. Optimization of the cutting
parameters for both turning processes has been performed separately. For surface roughness
analysis, the smallghe-better performance characteristics were usedreftwee, in this case,

Average Surface Roughness (Ra) was defined as:

ouLs«NE — (4.2)
WhereYd® | OA OQGCBMBA DKL ET AOO
Yo ] ) )
Yo © "QQiNT ‘Dw &t @I A "QdE o1 QBB Qivino Q
Yo

In ANOVA, the 95% confidence level was chosen to determine the effect of cutting parameters

on the surface roughness of machined parts.
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Table 41 Data generated from the turning experimgdingle tool tirning)

S. Input process parameters Surface roughness(d) Avg. Ra
No | Cutting | Feed Depth of cut ¢ 9
speed (mm/rev) | (mm) Meas.1 | Meas.2 | Meas.3
(m/min)
1 |50 0.300 0.675 1410 |1520 |1.420 |1.49
2 50 0.790 0.675 1.490 1.570 1.710 1.590
3 |50 0.525 0.35 2110 |21 |17 |1.8
4 |50 0.525 1.00 2080 |1.%0 |2.00 |2.020
5 |50 0.300 0.350 1.3 |1.500 |14% |14D0
6 |70 0.7 0.3 1.6 |1910 |1.390 |1.69
7 |70 0.525 0.675 1.30 | 1.5 1459 |1.440
8 |70 0.79 1.00 1500 |1.69 |1.610 |1.60
9 |70 0.300 1.00 143 |1510 |13 |14
10 | 70 0.525 0.675 1.3 |1540 |1450 |1.440
11 | 90 0.300 0.390 1.09 |1.140 |1.10 |1.110
12 | 90 0.300 0.675 1.30 |12 |1.28 |1.30
13 |90 0.525 0.3 1140 |1.10 (110 |1.19
14 | 90 0.525 1.00 1120 |120 (1130 |1.19
15 | 90 0.79 0.675 1.20 |1.30 |13m0 |1.280
Table 42 Data generated from the turning experim@obuble turning)
S. | Input process parameters Surface roughness(um) | Avg. Ra
No | Cutting | Feed Depth of cut ¢ 9
speed (mm/rev) | (mm) Meas.1 | Measl | Meas.
(m/min) 1
1 |50 0.300 1.79 1.3 |1.490 |1.44 |1.420
2 |50 0.7 1.79 1.7 |1910 |1.73 |1.810
3 |50 0.525 1.29 1290 |1.790 |1.600 |1.560
4 |50 0.525 2.29 2200 (1910 1.8 |2.0®
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5 |50 0.525 1.739 1.29 1.4 1590 |14
6 |70 0.790 1.2% 1.30 1.8 1559 | 1.58
7 |70 0.525 1.750 1.360 1.240 158 | 142D
8 |70 0.790 2.29 1.730 1.610 1.79 |1.710
9 |70 0.300 2.29 1.090 1120 1120 | 1.110
10 | 70 0.525 1.7 1.530 1.330 1.30 |1.410
11 |90 0.300 1.739 1.0400 1.0 |09 |1.00
12 | 90 0.300 1.2% 1.170 11300 | 1.1 |1.19
13 | 90 0.525 1.29 1.190 1.310 1.290 |1.29
14 | 90 0.525 2.29 1.140 1.130 1210 (1.1
15 | 90 0.79 1.7 1.120 1.140 1289 (110

Tables 41 and 4.2ata show the maximum and minimum values of average surface roughness
during the experimental inviegations for both double and single cutting tool turning

operations.

= Single Tool Turning® Double Tool Turning

0.5

Surface Roughness(um)
[
a1

o
[

1 2 3 45 6 7 8 9 1011 12 13 14 15
Number of Experiment

Figure 42 Number of experiments Vs Average surface roughness

For double and single tool turning, the minimum surface roughness was found to be 1.04m and
1.11m, respectively, while the low surface finish wiasermined to be 2.00m and 2n02As a
result, the surface finish obtained in the component turned usingtoullturning is superior

to that obtained in the component produced udnegttaditional tuning method. Dring the
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double tool, turning surface roughness improvedB%. Because two cutting tools were

simultaneously engaged with the workpiece in double tool turning.

c Single Tool Turning 50 (m/min)
2.5

% 70 (m/min)
& 2 90 (m/min)
=15

>

g 1

Q

§ 0.5

@ 0

0.35 0.675 1

Cutting depth (mm)

Figure 43 Variation of surface roughness witbspect to cutting depth at various cutting

speed for single tool turning

. Double Tool Turning % 50 (m/min)
E 227 % 70 (m/min)
@ 2 * 90 (m/min)
(O]

[

£ 154

>

e 1 -

(O]

O

2 05

>

? 0

1.75 2.25
Cutting depth (mm)

Figure 44 Variation of surface roughness with respect to cutting depth at various cutting

speed for double tool turning

As illustratedin Figures 4.3 and 4.4 the least value of Ra was achieved when Vc gndere

90 m/min and 0.3%nm and 90 m/min and 1.25 mm for both single tool turning and double tool
turning respectivelyThe greatest value of Ra was achieved in the case of cutting speed and
depthwhich were 50 m/min and 1.0éhm and 50 m/min and.25 mm for both single tool

turning and double tool turning respectivelhe surface roughnestecreasedwith the
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increasing cutting speed different cutting depth On the one hand, the surface roughness
decreased with cutting spee8imilarly, surface roughness increased with cutting depth
increased.

Single tool turning = 50 (m/min)

= 70 (m/min)
=18 =90 (m/min)

oughnes

Cc

Surf
o

0.3 0.525 0.75
Feed (mm/rev)

Figure 45 Variation of surface roughness with respect to feed rate at various cutting speed for

single tool turning

Double Tool Turnung ™50 (m/min)
= 70 (m/min)

=90 (m/min)

Surface roughness(um)
o =
o (@) ] = ()] N

0.3 0.525 0.75
Feed rate ( mm/rev)

Figure 46 Variation of surface roughness with respect to feed rate at various cutting speed for

single tool turning

Cutting parameterhave a direct impact on surface roughness, as Fgueand 4.6 show for
both double and singledbturning, surface roughness appears to rise with rising feediroate.
this study effect of cutting parameters on surface roughness of flake graphite cast iron at low

depth of cut and feed rate and high spindle speeds.
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4.3.1 Analysis of Variance

The ANOVA is where the descriptive statistics and statistical tests are presented. In general,
look for low p-values to identify important terms in the model. Theajues to determine if the

model explains a significant portion of the variance. Table 4.5 anshé\8s ANOVA results

for the linear [A, B, C] quadratic [A2, B2, C2] and interactive [(A x B), (A x C), (BxC)] factors.

The sum of squares is used to estimate the square of deviation from the mean. Mean squares
are estimated by dividing the sum of squdrgsiegrees of freedom-\Falue, which is a ratio

between the regression mean square and the mean square error, is used to measure the
significance of the model under investigation concerning the variance of all the terms, including
the error term at the diged significance level.-Ralue or probability value is used to determine

the statistical significance of results at a confidence level. In this study, the significance level
of U = 0.05 is used, I .e., the results are Vv
shows the gvalues and the significance levéds each sotce of variation. If the walue is less

than 0.05, then the corresponding factor (source) has a statistically significant contribution to
theresponse variable. If thev@lue is more than 0.05, then it means the effect of a factor on

the response variabis not statistically significant at a 95% confidence level.

Table 43 Analysis of variance results for single tool turning

Source Sum of  Df Mean F-value  P-value Contribution%
Squares square
Model 0.891918 9 0.099102 48.7 0.000 98.87
A-Cutting speed 0.610513 1 0.610513 300.01 0.000 67.68
B-Feed rate 0.195312 1 0.195312 95.98 0.000 21.65
C-Depth of cut 0.014450 1 0.01445 7.1 0.045 1.60
A? 0.001920 1 0.001298 0.64 0.461 0.21
B2 0.006000 1 0.006283 3.09 0.139 0.67
C? 0.000698 1 0.00698 0.34 0.584 0.08
AB 0.0388025 1 0.038025 18.69 0.008 4.22
AC 0.016900 1 0.016900 8.3 0.035 1.87
BC 0.0008100 1 0.008100 3.98 0.103 0.9
Residual 0.010175 5 0.002035 1.13
Total 0.9020393 14
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Table 44 Analysisof variance results for double tool turning

Source Sumof Df Mean F-value  P-value Contribution%
Squares square

Model 0.929083 9 0.929083 79.21 0.000 99.30
A-Cutting speed 0.480200 1  0.480200 368.44 0.000 51.33
B-Feed rate 0.211250 1 0.211250 162.08 0.000 22.58
C-Depth of cut 0.064800 1 0.064800 49.72 0.001 6.93
A2 0.000107 1  0.000003 0.00 0.966 0.01
B? 0.0007016 1 0.004741 3.64 0.115 0.75
c? 0.036310 1 0.036310 27.86 0.003 3.88
AB 0.008100 1 0.008100 6.21 0.055 0.87
AC 0.048400 1 0.048400 37.14 0.002 5.17
BC 0.072900 1 0.072900 55.93 0.001 7.79
Residual 0.006517 5 0.001303 0.7
Total 0.936293 14

The Model Fvalue of 5.61 and 79.26 implies the model is significavalBes less than 0.0500
indicate model terms are significant. In this ¢aeB, C, AB and AC, and A, B, C,ZCAC,

and BCare significant model terms for both single and double tool turning respectively. Values
greater than 0.0500 indicate the model terms are not significant. The percentage contribution of
each term is also skwn in this table. Cutting speed (A) was found to be the most significant
factor for Ra, which explains the 67.68% (for single tool turning) and 51.33% (for double tool
turning) contribution of the total variation. The next contribution to Ra comes frerfeddl

rate with a contribution of 21.65% and 22.58% for single and double tool tusspgctively.
Goutamet al, 2014 conducted several experiments on6Ail-4V alloy machining and
established the relationship between speed of cut and roughnessuhdrttfat the cutting

speed was the most influential factor affecting surface roughness and flowed by fe€dirate.

et al., 2022, used chip formation, cutting force, and surface quality to examine the influence of
cutting parameters on cutting performandsing analysis of variance, the effect of cutting
parameters on cutting force and surface roughness was examined (ANOVA). Cutting depth had

the most clear effect on cutting force, whereas cutting speed had the most significant effect on
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surface roughnessgccording to the findingsThe cutting speed, quadratic 3282, C?, and
interactions [BC] and A B?, and AB are do not have statistical significance for both single and
double tool turning respectively because they have a much lower level of coatriaunt their
p-value is more than the confidence level.

Single Tool Turning

21.65%%

Fesidual
1.13

A
=B
C

Fesidual

A
67.68%%

Figure 47 Percentage contribution of cutting parameters on surface roughness for single tool

turning
C Residual Double Tool Turning
6.92 0.7

s A =B =C =Residual

Figure 48 Percentage contribution ofitting parameters on surface roughness for double tool

turning

4.3.2 Fit Statistics
Table 45 Fit Statistics summary for single tool turning

R? 0.996
Adjusted R 0.9889
Predicted R 0.9367
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Table 46 Fit Statistics summary for double tool turning

R2 0.9930
Adjusted R 0.9805
Predicted R 0.9296

The other important term was the coefficient of determinatignaRich was defined as the

ratio of the explained variation to the total variation and asomeaof the degree of fit. As’R
approaches unity, the response model fitness with the actual data improves. The vakie of R
0.99.6 in the case of single tool turning indicates that the model explains 99.6% of the total
variations and for double tool ting R = 0.9930 it indicates 99.30% of total variations. This
means that the regression model provides a complete between the dependent and independent
variables.

4.3.3 Parametric Influence on Surface Roughness

Theoretically, surface roughness is a funciof feed rate and nose radius. However, in practice,
cutting speed, depth of cut, and tool wear also affect surface roughness. Since the inserts used
in the experiments have identical nose radius values, the effect of nose radius was not
investigated irthis study.

Residual Plots for Ra
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Figure 49 Residual plots of Surface Roughness for single tool turning
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Main Effects Plot for Ra
Data Means
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Figure 410 Main effects plot for mean Surface Roughness for single tool turning
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Figure 411 Interaction plot of surface roughness for single tool turning
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Figure 412 Residual plots of Surface Roughness for double tool turning
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Figure 413 Main effects plot for mean Surface &Rghness for double tool turning

Figure 414 Interaction plot of surface roughness for double tool turning
Figure 4.10 and 4.18hows the plot of the main effects of cutting speed, depth of cut, and feed
rate parameters on tlsirface roughness in a single tool and double tool turning processes
respectively. It was clearly shown that the feed rate and cutting speed significantly affect the
surface roughness (Ra) for both Single and double Tool Turning. The cutting speed was foun
more significant factor affecting the (Ra). The surface roughness was apparently to a decreased
trend with a decrease in feed rate because of the depth of cut shared between the two tools in
the case of the double tool turning Process. On the other &swtite cutting speed increased,
the surface roughness decreased. Therefore, to obtain a low value of surface finish on the
machined part, the feed rate should be set at low possible, and the cutting speed should be set
as high as possible. This improvedrh this study by applying two tools at a time to minimize
the depth of cut, which causmore feed. Figure 4.10 also proves that the cutting speed has

more influence on surface roughness than feed rate in double tool turning.

Page |53
































































































